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The present invention, generally speaking, uses input buff- 
ering and output control to provide a high-speed, high- 
performance digital traffic switch. This approach solves all 
of the problems noted above with respect to the prior art 
(input buffering/input control, output buffering/output 
control). Dropped discrete information units (cells) are 
dropped at the input port, and so will not be transmitted 
across the switch fabric. This reduces the traffic load on the 
switch fabric during congested periods, and makes the 
switch fabric easier to design and expand. Input buffering/ 
output control allows for the use of smaller buffers than 
output buffered/output control architectures for the same 
level of "discrete information unit (cell) drop" performance, 
and scales well to larger systems. Input buffering/output 
control provides all the information necessary to the output 
(data flow) controller necessary to implement very precise 
control algorithms. These algorithms can then administer 
switch fabric admission polices and contract enforcement 
fairly across all input ports. 
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INPUT BUFFERING/OUTPUT CONTROL traffic load on the switch fabric, which reduces the chance of 

FOR A DIGITAL TRAFFIC SWITCH chronic congestion at the output port. 

The problem with input buffering and input control is that 

CR OSS-REFERENCE TO RELATED are released through the switch fabric based on the state 

APPLICATIONS 5 0 f each individual input buffer. That is, when there are cells 

This application is a continuation of U.S. Pat. No. 5,768, m the m ? ut buffer > ^ are released to the output ports based 

257 filed on Jul 11 1996 on met " cs mat are available at the input port: size of the 

input buffers, incoming rate, length of time since a cell was 

FIELD OF THE INVENTION * ast r e l eased » etc - This often leads to non-optimal control 

10 strategies, since input control segregates flow control iofor- 

The present invention relates to digital LAN and WAN mation such that any one input controller does not have 

traffic switches, particularly ATM (Asynchronous Transfer status information on its peer input controller. 

Mode) switches. wltn output buffering and output control, cells are imme- 

qtatp nc tup atjt v ,c diatelv P assed th™^ from toe m P ut P ort > through the 

ol/Vlii \Jr lflc, AKl 15 swilch ^ tQ & buflfcr QQ ^ porL ^fls 

An ATM cell switch takes cells from many sources, and are released from the queues to go out the output ports. The 

routes them to many destinations. Such a switch may. be control is based on the state of the output port, 

hardware-based, or hardware and software based. The archi- The advantage of output buffering is that the buffers can 

tecture can be generalized as shown in FIG. 1. Cells arrive be controlled with the very precise information gathered at 

on input ports 1 to N^ and are switched through a switch the output port. For instance, if an output port is busy 

"fabric" 100 to various ones of output ports 1 to N^. transmitting a cell, there is no use releasing another one. 

A "cell" is a fixed size unit (53 bytes), which constitutes Conversely, if an output port is idle, ideally a cell would be 

a fraction of a larger communication. Cells come in on input immediately released to it for transmission. With output 

ports, and get routed to output ports. ^ buffering and output control, all the information is available 

Sometimes, "collisions" take place between cells. That is, at ^ out P ut P ort to ^lenient very precise control algo- 

cells come in on two or more input ports that are destined for rithms. 

the same output port. There are two scenarios which Problems encountered with output buffering and output 

describe the condition when two or more cells are destined control include increased traffic and increased buffer size, 

to the same output port: 1) momentary contention or cell 30 w ith output buffering and output control, cells are dropped 

collision; and 2) sustained contention or congestion. after they go across the switch fabric; this creates extra 

In either case, the collisions create the need for "queuing," traffic across ^ swi £ h . fabric > which ^acerbates conges- 

wbere one or more cells have to wait in line to be delivered * on states Output buffering and output control also requires 

to the output port larger buffers to maintain the same level of "cell drop" 

„ r4 . ... t , 35 performance as input buffering, since cells can be delivered 

With some architectures, even when there are no t0 output buffers &om ^^3. ^ also means 

collisions, blocking" can take place. Blocking occurs when m{ buffers can be fflled idl ^ so must 

a cell cannot be delivered because the delivery of other ceUs ^ { bandwidth . TOs Wem bec ^ es 

If, th * reMUtre n sne ^ a ^ f ° '^tehvetyoflhe insurmountable as the mmber of por £ in tne system 

blocked cell. Tte is often referred to as head of lme fc ^ instantaneous bandwidth into an out- 

(HOL) blocking. Blocking is ^esirable since it can deky 40 , ^ linMr ^ ^ number rf This leads to 

the delivery of other cells. Also, blocked cells must be *u • * * i ■ *u u c 

, . ' , „ j , j j . exponential growth in total queue sizes as the number of 

queued, just like cells delayed due to collisions. * ta • r ^ c !!c 

poris increases. 

Due to these inevitable delays in dehVery, a successful What ^ neededj ^ ^ an ^ d buffer control 

architecture must properly queue cells for dehveryJSuch 45 ^ mgcmen{ sultable for a high-speed, high-performance 

queumg is referred to herem as "buffering". Buffering digital traffic switch, 
requires buffer control. Buffer control tells the switch buffers 

when to release a cell from a queue for delivery to the output SUMMARY OF THE INVENTION 

P ort ' The present invention, generally speaking, uses input 

Even with buffer control, it is sometimes necessary to 50 bufferiog md output control to provide a high-speed, high- 

"drop" cells For instance, when cells come in on input ports performance digital traffic switch. Tliis approach solves the 

1 and 2, all destined for output port 3, it is often the situation pmb lems noted above with respect to the prior art. More 

that more cells come in than can be output from port 3. The particularly, in accordance with one embodiment of the 

cells begin to be queued up in the buffers. If this situation invention, a method is provided for controlling buffering of 

continues long enough, the buffers get filled up, and cells S5 discrete information units of digital data within a 

need to be thrown away, or "dropped." A good design switch having m^tiple input ports, multiple output ports, a 

minimizes the amount of cells that need to be dropped. switch fabriC) aQ ^ buffer ^ aQ ^ buffer 

Prior solutions to buffer control fall into two basic cat- unit, an output data flow control unit, and an output rate 

egories: 1) input buffering with input control; and 2) output buffer unit. The switch fabric has having an input side and 

buffering with output control. m an output side, for switching a discrete information unit 

With input buffering and input control, cells are queued at received at any of the input ports to any of the output ports, 

the input ports, and released to the output ports based on the Discrete information units received at the input ports are 

state of the input queues. The advantage of buffering at the buffered within the input buffer unit, and the input buffer 

input is that it requires smaller buffers to maintain the same control unit then generates a "Request" to release (from the 

levels of dropping when compared to output buffering. Also, 65 input buffer unit) a "discrete information unit" destined for 

when cells are buffered at the input cells can be dropped a particular output port. The output data flow control unit 

before going across the switch fabric. This reduces the total monitors status of the output port and, in response to the 
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"Request", generates a "Grant" to release (from the input group of queues, where a group is the L priority queues for 

buffer control unit) the discrete information unit destined for a destination output port, is controlled by the respective 

the particular output port. destination's output data flow control unit. The input port 

In this approach, dropped discrete information units buffer control unit cannot release a discrete information unit 

(cells) are dropped at the input port, and so will not be 5 fr° m its m P ut buffer unit to me destination output port (via 

transmitted across the switch fabric. This reduces the traffic toe switch fabric and output rate buffer unit) without the 

load on the switch fabric during congested periods, and explicit consent of the destination port's output data flow 

allows the output stage of the switch fabric to be designed control unit; 226 1 _ AroMf . 

with only the bandwidth required by the output port. FIG. 3 isolates, for a particular discrete information unit, 

Because the traffic load across the switch fabric is regulated *° the source input port 310 and the destination output port 320, 

by the' output port, this architecture scales well to larger connected by the switch fabric 300, The source input port 

systems. and the destination output port exchange handshaking sig- 

Input buffering and output control allows for the use of Da ls use d f° r data fl° w control. In one embodiment of the 

smaller buffers for the same level of "discrete information invention, these handshaking signals consist simply of a 

unit (cell) drop" performance that would be provided by 15 "Request" to release a discrete information unit (signal 314, 

output buffering and output control. directed from the source input port's input buffer control unit 

Input buffering and output control provides all the infor- 316 <° * e d^ioa output port's output data flow control 

mation to the output data flow controller necessary to ™ i32 $ > and a J Gran j * release ' information unit 

implement very precise control algorithms. TTiese algo- , n (signal 324 directed from the destination output port s 

rithms can then administer switch fabric admission policies 20 ° u <P ut data flow iinit to the source input port s input 

and contract enforcement fairly across all input ports. buff ^ r "J** V 1 ^ handshaking signals may be 

exchanged through the switch fabric 300 or may be 

BRIEF DESCRIPTION OF THE DRAWING exchanged "out of band." Each "Request" signal and each 

"Grant" signal include identification of the respective input 

The present invention may be further understood from the 25 source port and the priority pertaining to the discrete infor- 

following description in conjunction with the appended matioo unil? and its destination output port, 

drawing. In the drawing: ]n ordef {Q ^ a p pr0 priate buffer control 

FIG. 1 is a generalized block diagram of a digital traffic strategy, the output data flow control unit 326 within each 

switch; destination output port 320 must know the state of the 

FIG. 2 is a block diagram of a digital traffic switch in 30 various queues within all of the source input ports that have 

which the present invention may be used; discrete information units destined for it. For this purpose, a 

FIG. 3 is a block diagram showing in greater detail the memory 328 is provided within each output data flow 

control flow between the input buffer control unit and the control unit, having logical dimensions NxL. Each time the 

output data flow control unit as well as the data flow between output data flow control unit 326 receives a "Request" signal 

the input buffer unit and the output rate buffer unit; and 3 314, it increments a value stored in a corresponding memory 

FIG. 4 and FIG. 5 are respective portions of a flowchart location, based on the "Request's source input port identi- 

used to describe a buffer control procedure in accordance fication ™ d the P riorit y level of the ret J uest ' 

with one embodiment of the present invention. The basic control algorithm implemented by the output 

m data flow control unit is as follows. A discrete information 

DETAILED DESCRIPTION OF THE 40 unit (e.g., an ATM cell) destined for a particular destination 

PREFERRED EMBODIMENT output port comes into a source input port. The source input 

Referring to FIG. 2, the general architecture of a digital P ort * s mo * x buffer ™t sends a "Request" to release 

switch incorporating the present invention is shown. Mul- a discrete information unit to the destination output port's 

tiple inputs and multiple outputs are coupled via a switch 45 l ° ut P ut data flow control unit'. The "Request" contains 

fabric 200 such that every input port (and its associated input information identifying the source input port, the output 

buffer control unit) may communicate with every output port destination port, and the priority or class of the discrete 

(and its associated output data flow control unit), and every information unit. The destination output port's 'output data 

output port (and its associated output data flow control unit) flow coniTo1 ^ responds eventually with a "Grant" to 

may communicate with every input port (and its associated 50 release me discrete information unit back to the originating 

input buffer control unit). At any given instant in time, a source ^P* P ort ' s in P ul buffer 00111101 uoit - ^ "Grant" 

subset (or all) of the source inputs ports 210 will be contains information identifying the originating source input 

receiving digital traffic destined for a subset (or all) of port, me destination output port issumg the "Grant", and the 

destination output ports 220. Digital traffic may therefore be priority or class of the "Grant" . The source input port's input 

imagined as flowing from left to right, from source input 55 b ^ er confrol unit men releases me discrete information unit 

ports 210 to destination output ports 220. t0 ^ switch fabric for final delivery to the destination 

Within each source input port 210, there is an input buffer ^ P ort 'f out P ut rate h ^l^' Various elaborations of 
controlunitwhichdynamicallysegregatesthediscrete infor- ba f c 1 algorithm are possible, as described hereinafter, 
mation units by destination output port and by priority for Nevertheless, at a fundamental level, tins basic algorithm, 
storage within the input buffer unit. For a switch having N 60 ****** xt f a £? arent ^phcity , confers a significant advance 
ports, and providing L levels of priority, each input buffer ovcr lhc buffer methods of ^ P nor art- 
unit will therefore have N groups of output queues, each Referring to FIG. 4, the buffer control algorithm, imple- 
group having L priority queues, for a total of NxL' queues. mented in the output data flow control logic in accordance 
Collectively, the queues 212 (1 ^ OUT> ^_ L) of the input port with a preferred embodiment of the invention, will be 
buffer unit 210 function as an output buffer because they 65 described in greater detail. 

queue discrete information units based on the destination In a preferred embodiment, each output data flow control 

output port and the priority level of the data. Further, each unit may control one or more destination output ports. The 
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output data flow control unit maintains individual data for If all source input ports (or input buffer control units) have 

each destination output port under its control. Further, in a already been searched at this priority without finding a 

preferred embodiment, the source input ports may be serviceable "Request" (Step 411), then the next lower pri- 

grouped such that a single input buffer control unit will 0 rity is selected (Step 413). If all priorities for the current 

support one or more source input ports. When the source 5 output destination port have already been searched, then 

input ports are grouped, the input buffer control unit will prGg ram flow proceeds to Step 405, and the next output 

continue to queue the discrete information unit by its output destination port is selected. Otherwise, the next source input 

destination port and its priority or class. The input buffer por t (or input buffer control unit) for the new (lower) priority 

control unit maintains the exact ordering of the received ^ 5C | cc t e( j e [ C 

discrete information units from any of its source input ports. „ rt t .' , . ^ ^ * ... , A , 

The (source input port's) input buffer control unit generates 10 Awumiig that in Step 411 the determination is made that 

the "Requests" to release a discrete information units to the not ^ source mput ports (or input buffer control units) have 

appropriate (destination output port's) output data flow been s ? rched . at pn °" y ' then ?° W 

control unit proceeds to point B in FIG. 5. Referring to FIG. 5, in a 

™ , ' * j * j3 * i •* • ii j i • preferred embodiment, program flow follows one of three 

Theoutput dataflow control unit is allowed only a certam 15 * fl Qn ^ * q{ ^ ttR , [f ^ 

number of total "Grants" to be outstanding at any given p £ 1 _ % , c . _£,v tU " « D ^„2, t « • n n vi> 

„ , * j * n 4 ! . A i l II j pnonty is 1 or 2 (Step 501), then the Request is a CBR 

time. Each output data flaw ^amtari unit may ■nto be allowed J ' and ^ ^ foUows ^ 

only a certain number of "Grants to be outstanding within ^ fa 4 Qr / (s * ^ ^ ^ ..r^,, fc a VBR 

different priorities or classes For example an output data S R > est „ and ^ ^ foUows ^ 520 ff ^ 

flow control unit may be aUowed a specified 1 number of 20 £ of ? 505) (hen ..j^,, ^r 

outs anding "Grants for high pnonty (e.g., CBR or Con- Sr / ^ ^ ^ fi J w follows ^ priorities „ 

stant Bit Rate) traffic, a specified number of outstanding . 1 * c 7i_ « . 

«^ * « i? * . . . A ✓ -w j ' 11 t% *i and 3 are used for other purposes not germane to the present 

"Grants for medium pnonty (e.g., VBR, or Vanable Bit * r 6 v 



mvention. 



Rate) traffic, and a specified number of outstanding "Grants" 

for low priority (e.g., ABR, or Available Bit Rate and UBR, « ^ program flow paths 510, 520 and 530 are essentially 

or Undefined Bit Rate) traffic. A further restriction may be ^ samc - Considenng program flow path 510, in Step 511, 

placed on the number of "Grants" that may be outstanding the P^gram determines whether there is a "Request" at the 

to any single source input port or any single input buffer selectcd P nont ^ from the sclccted sourcc m P ut P ort ( or 

control unit (in the case where a single input buffer control m P ut buffer contro1 umi )> for lhe selected destination output 

unit services more than one source input port). Accordingly, 30 P° rt - If not > ^en program flow returns to point Am FIG. 4. 

a further restriction may be placed the number of "Grants" If so » thcn vanous "Grant" limitations are checked in Step 

mat may be outstanding to any single destination output port 513 > including whether the total number of outstanding 

(in the case where a single output data flow control unit " Grants " fr° m output data flow control unit (MAX_ 

services more than one destination output port). Moreover, GRANTS), the number of outstanding "Grants" to a single 

the output data flow control unit is not allowed to issue 35 source input port (or input buffer control unit) (MAX_SS_ 

"Grants" at will. Rather, successive "Grants" must be spaced GRANTS), or the number of outstanding "Grants" from this 

apart by some minimum amount of time. Therefore, in Step, out P ut data flow 00111x01 ^ for ^is particular class of 

401 the output data flow control unit waits until its "Grant" rec J uests ( e -S-> MAX_CBR„GRANTS) would be exceeded 

engine timer has expired. b y issuing a "Grant". If any of these limits would be 

Referring momentarily to FIG. 3, cells must enter the 40 exceed ^ d > tnen P ro £ ram flow returns to point A in FIG. 4. If 

fabric300by way of an input buffer unit 312. Similarly, ceUs ™°* of ^ ^its would be exceeded, then the program 

must leave the fabric 300 by way of an output rate buffer unit checks m Ste P 1 15 > based ° n mformahon received from the 

322. If there is no room in the output rate buffer unit, issuing ™^ ^^J? J^Lt , ! J l™} 

a new Grant might cause existing data to be overwritten. EGRESS_PORT__QUEUE, would exceed the destination 

Therefore, in Steps 515, 525 and 535, the program checks to 45 aujputpcwt s maximum allowable buffer usage by issuing a 

see if there is room in the output rate buffer unit before Grant * s P ecific output desunaUon port. If so, then 

issuing a new "Grant". Only if there is room in the output P 10 ^™ flow returns to P omt A m FIG ' 4 

rate buffer unit does the program continue to search for a If tne determination is in Steps 513 and 515 that none of 

serviceable request. the limits would be exceeded by issuing a "Grant", then the 

The basic search algorithm, in accordance with one 50 out P ut **** flow contro1 ^ ^ P roceed m Ste P 517 to 

embodiment of the invention, proceeds as follows: 1) ser- 1x5116 a "0™*" of the appropriate class (e.g., CBR) and then 

vice active destination output ports round-robin; 2) for each exits ^ "Grant" processing routine, 

destination output port, start with "Requests" having the The foregoing "Grant" processing routine may be imple- 

highest relative priority; 3) if there is more than one such mented in software using a general-purpose microprocessor. 

"Request", conduct a round-robin selection by source input 55 More preferably, the "Grant" processing routine is imple- 

port or input buffer control unit, whichever applies. mented in hardware as part of an Application Specific 

In Step 405 therefore, the program selects the next des- Integrated Circuit (ASIC). In the latter instance, the flow 

tination output port in round-robin order. If all of the diagram of FIGS. 4 and 5 describes not the execution of 

destination output ports have already been considered and program instructions but describes the logical operation of 

none of them are able to accept another discrete information 60 me ASIC. 

unit (Step 407), then the routine exits. Otherwise, the In the embodiment described, each output data flow 

program starts searching for "Requests" for discrete infor- control unit keeps count of each received "Request" such 

mation units destined to the selected destination output port that it knows the exact number of discrete information units 

at priority 0 (highest priority). Searching proceeds in Step queued up for each destination output port at each of the 

409 by selecting the next "Grant"-requesting source input 65 input buffer units. This method requires a large amount of 

port (or input buffer control unit) within the round-robin storage. In actuality, the output data flow control unit does 

ordering of source input ports (or input buffer control units). not need to know the exact number of "Requests" at each 
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priority. It only needs to know, at a given point in time, 
whether there is at least one "Request" at a given priority. 

Alternative embodiments are possible that reduce the 
storage requirements of the output data flow control unit. In 
one alternative embodiment, each input buffer control unit 5 
sends, at intervals, to each output data flow control unit for 
which it has traffic, an update message containing sufficient 
information to enable the output data flow control unit to 
determine which "Grant" to send out. Because at the time an 
update message is sent, the input buffer control unit knows 1Q 
the amount time that will elapse before another update 
message will be sent, it sends enough information for each 
of the source input ports it supports such that if a single 
source input port were to receive all of the "Grants" from an 
output data flow control unit until the next update message 
is sent, the output data flow control unit would still have an 15 
accurate count for any source input port in any input buffer 
unit. 

Imagine, for example, the case of an input buffer control 
unit (and its corresponding input buffer unit) supporting a 
single source input port. Assume further that from one 20 
update message to the next three "Grants" may be issued. If 
the input buffer unit had, say, four priority 1 discrete 
information units destined for a particular destination output 
port, it would send a message to the appropriate output data 
flow control unit containing "1, 1, 1" indicating the sending 25 
input buffer unit has enough priority 1 requests to use three 
successive priority 1 "Grants". At another time, the input 
buffer unit might have a single priority 1 discrete informa- 
tion unit and two priority 2 discrete information units. It 
would then send an update message to the appropriate output 30 
data flow control unit containing "1, 2, 2." 

Various other arrangements of conveying information 
from the source input buffer units to the destination output 
data flow control units will be apparent to one of ordinary 
skill in the art. 

In the foregoing manner, a digital traffic switch may be 
provided that enjoys "the best of both world " i.e., enjoys the 
advantages of input queuing (scalability, reduced 
congestion) without the disadvantages of input control, and 
enjoys the advantages of output control (more nearly opti- ^ 
mal efficiency) without the disadvantages of output queuing. 

It will be appreciated by those of ordinary skill in the art 
that the invention can be embodied in other specific forms 
without departing from the spirit or essential character 
thereof. The present description is therefore considered in all 45 
respects to be illustrative and not restrictive. The scope of 
the invention is indicated by the appended claims, and all 
changes that come within the meaning and range of equiva- 
lents thereof are intended to be embraced therein. 

What is claimed is: 50 

1. A method of controlling buffering of a discrete infor- 
mation unit of digital data, for use within a digital switch 
having multiple source input ports, multiple destination 
output ports, and a switch fabric for switching a discrete 
information unit received at any of the source input ports to 55 
any of the destination output ports, wherein each source 
input port is associated with an input unit and wherein each 
destination output port is associated with an output unit, the 
method comprising the steps of: 

buffering a discrete information unit on an input unit, the 60 
discrete information unit destined for a particular out- 
put unit; 

transmitting from the input unit to the particular output 
unit a request to release the discrete information unit; 

incrementing a value on the output unit to indicate that the 65 
discrete information unit is awaiting release from the 
input unit; 
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the output unit monitoring fullness of its output buffer to 
receive additional discrete information units and, in 
response to the transmitted request, eventually trans- 
mitting to the input unit a grant to release the discrete 
information unit to the output unit; and 

the input unit monitoring for grants and, in response to the 
transmitted grant, releasing the discrete information 
unit from the input unit to the output unit. 

2. A method of controlling buffering of a discrete infor- 
mation unit of digital data, for use within a digital switch 
having multiple source input ports, multiple destination 
output ports, and a switch fabric for switching a discrete 
information unit received at any of the source input ports to 
any of the destination output ports, wherein each source 
input port is associated with an input unit and wherein each 
destination output port is associated with an output unit, the 
method comprising: 

buffering a discrete information unit in a logical output 
queue on an input unit, the logical output queue 
reserved for buffering discrete information units 
received on the input unit and destined for a particular 
output unit; 

transmitting from the input unit to the particular output 
unit a request to release the discrete information unit; 

incrementing a value on the output unit to indicate that the 
discrete information unit is awaiting release from the 
logical output queue; 

the output unit monitoring fullness of its output buffer to 
receive discrete information units and, in response to 
the request, eventually transmitting to the input unit a 
grant to release the discrete information unit to the 
output unit; and 

the input unit monitoring for grants and, in response to the 
transmitted grant, releasing the discrete information 
unit from the input unit to the output unit. 

3. A method of controlling buffering of a discrete infor- 
mation unit of digital data, for use within a digital switch 
having multiple source input ports, multiple destination 
output ports, and a switch fabric for switching a discrete 
information unit received at any of the source input ports to 
any of the destination output ports, wherein each source 
input port is associated with one of a plurality of input units 
each including an input buffer and an input buffer controller 
and wherein each destination output port is associated with 
one of a plurality of output units each including an output 
rate buffer and an output rate flow controller, the method 
comprising the steps of: 

receiving at a particular source input port a discrete 
information unit destined for final destination output 
port; 

buffering the discrete information unit within a particular 
input buffer associated with the particular source input 
port, a corresponding input buffer controller registering 
queue state information for the particular input buffer, 
the queue state information including priority informa- 
tion and indicative of a type of control information 
waiting to be received from a particular output data 
flow controller associated with the final destination 
output port; 

communicating at least part of the particular input buffer's 
queue state information including priority information 
to the particular output data flow controller; 

incrementing a value in a memory corresponding to the 
particular output data flow controller to indicate that the 
discrete information unit is buffered within the particu- 
lar input buffer; 
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the particular output data flow controller monitoring sta- 
tus of an output rate buffer corresponding to the par- 
ticular output data flow controller and, in response to 
the particular input buffer's queue state information, 
generating a type of control information which is 5 
communicated back to the corresponding input buffer 
controller for the release of the discrete information 
unit to the switch fabric; and 

the output rate buffer receiving the discrete information 
unit from the switch fabric and delivering the discrete 10 
information unit to the final destination output port. 

4. A method of controlling buffering of a discrete infor- 
mation unit of digital data, for use within a digital switch 
having multiple source input ports, multiple destination 
output ports, and a switch fabric for switching a discrete 
information unit received at any of the source input ports to 
any of the destination output ports, wherein each source 
input port is associated with an input unit and wherein each 
destination output port is associated with an output unit, the 
method comprising the steps of: 

buffering a discrete information unit on an input unit, the 
discrete information unit having a specified priority and 
destined for a particular output unit; 

transmitting from the input unit to the particular output 
unit a request to release the discrete information unit, 25 
the request including the specified priority; 

the output unit monitoring fullness of its output buffer to 
receive additional discrete information units and, in 
response to the transmitted request, eventually trans- 
mitting to the input unit a grant to release the discrete 
information unit to the output unit, the grant being 
based on the specified priority; and 

the input unit monitoring for grants and, in response to the 
transmitted grant, releasing the discrete information 
unit from the input unit to the output unit. 

5. The method of claim 4, wherein the step of buffering 
comprises separately queuing groups of discrete information 
units, each discrete information unit within a group of 
discrete information units being destined for a same output 
port. 

6. The method of claim 5, wherein each discrete infor- 
mation unit within a group of discrete information units has 
a same priority. 

7. The method of claim 6, comprising the further steps of: 
buffering within other input units discrete information 

units received at input ports of the other input units; 

generating requests to release from respective ones of the 
other input units a discrete information unit destined for 
other particular output ports of the output unit; and 

the output unit, in response to the requests, storing infor- 
mation indicating, for each combination of input port 
and priority, whether at least one discrete information 
unit having that priority is buffered within a corre- 
sponding input unit. 

8. The method of claim 7, wherein the step of generating 
a grant comprises: 

identifying from the stored information a highest relative 
priority of discrete information units destined for the 
output unit; 

identifying, from among the source input ports at which 
the discrete information units having a highest relative 
priority were received, the next source input port rela- 
tive to the source input port previously selected in a 
round-robin selection order; and 

sending a grant for a discrete information unit received at 
the identified source input port. 
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9. The method of claim 6, wherein the step of generating 
a grant comprises: 

identifying an input unit within which a discrete infor- 
mation unit destined for the output unit is buffered; 

identifying a highest relative priority of discrete informa- 
tion units destined for the output unit and buffered 
within the input unit identified previously; 

identifying, from among input ports at which the one or 
more discrete information units having a highest rela- 
tive priority were received, a particular input port; and 

from among one or more discrete information units hav- 
ing a highest relative priority, sending a grant for a 
discrete information unit received at the particular input 
port. 

10. The method of claim 9, wherein the step of identifying 
an input unit comprises selecting round-robin, within a 
predetermined order of input units, a next input unit relative 
to an input unit previously selected, within which a discrete 
information unit destined for the output unit is buffered. 

11. The method of claim 10, wherein the step of identi- 
fying an input port comprises selecting round-robin, within 
a predetermined order of input ports, a next input port 
relative to an input port previously selected, at which a 
discrete information unit destined having the highest relative 
priority was received. 

12. The method of claim 11, wherein the selection of an 
input port is subject to a limit on the number of outstanding 
grants to a single input port. 

13. The method of claim 10, wherein the selection of an 
input unit is subject to a limit on the number of outstanding 
grants to a single input unit. 

14. The method of claim 10, wherein the selection of a 
highest relative priority is subject to a limit on the number 
of outstanding grants for a particular priority. 

15. A method of controlling buffering of a discrete infor- 
mation unit of digital data, for use within a digital switch 
having multiple source input ports, multiple destination 
output ports, and a switch fabric for switching a discrete 
information unit received at any of the source input ports to 
any of the destination output ports, wherein each source 
input port is associated with an input unit and wherein each 
destination output port is associated with an output unit, the 
method comprising: 

receiving at an input unit a discrete information unit 
destined for a particular output unit, the discrete infor- 
mation unit having a specified priority; 

buffering the discrete information unit in a priority queue 
on the input unit, the priority queue reserved for 
buffering discrete information units having the speci- 
fied priority received on the input unit and destined for 
the particular output unit; 

transmitting from the input unit to the particular output 
unit a request to release the discrete information unit; 

the output unit monitoring fullness of its output buffer to 
receive discrete information units and, in response to 
the request, eventually transmitting to the input unit a 
grant to release the discrete information unit to the 
output unit, the grant being based on the specified 
priority; and 

the input unit monitoring for grants and, in response to the 
transmitted grant, releasing the discrete information 
unit from the input unit to the output unit. 

16. The method of claim 15, wherein the step of buffering 
comprises separately queuing groups of discrete information 
units, each discrete information unit within a group of 
discrete information units being destined for a same output 
port. 
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17. The method of claim 16, wherein each discrete identifying a highest relative priority of discrete informa- 
information unit within a group of discrete information units tion units destined for the output unit and buffered in 
has a same priority. corresponding priority queues within the input unit 

18. The method of claim 17, comprising the further steps identified previously; 

°f : 5 identifying, from among input ports at which the one or 

buffering within other priority queues of other input units more discrete information units having a highest rela- 

discrete information units received at input ports of the tive priority were received, a particular input port; and 

other input units; from among one or more discrete information units hav- 

generating requests to release from respective ones of the ing a highest relative priority, sending a grant for a 

other input units a discrete information unit destined for 10 discrete information unit received at the particular input 

other particular output ports of the output unit; and port, 

the output unit, in response to he requests, storing infor- 21. The method of claim 20, wherein the step of identi- 

malion indicating, for each combination of input port fy^g ^ m P^ 1 ^ comprises selecting round-robin, within 

and priority, whether at least one discrete information a predetermined order of input units, a next input unit 

unit having that priority is buffered within a priority 1 relative to an input unit previously selected, within which a 

queue of a corresponding input unit. discrete information unit destined for the output unit is 

19. The method of claim 18, wherein the step of gener- buffered in a corresponding priority queue. 

ating a grant comprises: 22. The method of claim 21, wherein the step of identi- 

identifying from the stored information a highest relative 20 ™ ^ P° rt ^prises selecting round-robin, within 

priority of discrete information units destined for the a Predetermined order of input ports, a next input port 

output unit* relative to an input port previously selected, at which a 

., A ._ . ' „ . ^ . ,-, discrete information unit destined having the highest relative 

identifying, from among the source input ports at which pr i 0 rity was received 

the discrete information units having a highest relative 23 ^ mcthod of ^ 1% ^ of aQ 

priority were received, the next source input port rela- 25 . t t {& subjcct tQ a ^ QQ ^ of outstandi 

tive to the source input port previously selected in a to a sm ■ m 

round-robin selection order; and 24 ^ method of daim 21 wherein ^ of aQ 

sending a grant for a discrete information unit received at mput un i t js subject to a limit on the number of outstanding 

the identified source input port. grants to a singlc mput unit> 

20. The method of claim 17, wherein the step of gener- 30 25 ^ metQod of claim 2 l t wherein the selection of a 
ating a grant comprises: highest relative priority is subject to a limit on the number 

identifying an input unit within which a discrete infor- of outstanding grants for a particular priority, 

mation unit destined for the output rate buffer is buff- f 

ered; * * * * + 
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